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Claims 

1 . A semiconductor device characterized by the following facts: the semiconductor has a 
first semiconductor layer of a first electroconductivity type, a second semiconductor layer of a 
second electroconductivity type formed on the surface of the first semiconductor [layer], a third 
semiconductor layer of the first electroconductivity type formed in the second semiconductor 
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layer, a gate oxide film formed on the surfaces of the third semiconductor layer, the second 
semiconductor layer, and the first semiconductor layer, a gate electrode formed on the gate oxide 
film, an insulating film that covers the gate electrode, an electrode that is formed on the 
insulating film and has ohmic contact with the second and third semiconductor layers, and wires 
formed on the electrode; in this semiconductor device, the aforementioned electrode is made of 
pure aluminum, and there is a barrier layer formed between the electrode and the insulating film. 

2. The semiconductor device described in Claim 1, characterized by the fact that the 
barrier layer is made of molybdenum silicide. 

3. The semiconductor device described in Claim 2, characterized by the fact that the 
thickness of molybdenum silicide is 600 A or larger. 

4. A module using the semiconductor device described in any one of Claims 1-3. 

5. An inverter device using the module described in Claim 4. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a semiconductor device having MOS gate. 

[0002] 
Prior art 

In an element having power MOSFET or insulated gate bipolar transistor (referred to as 
IGBT hereinafter) or other MOS gate and used for controlling a large current, many MOS cells 
are formed on the surface, and current flows along the length. Figure 1 shows an example of the 
cross-sectional structure of IGBT. An n" layer is formed on a p + layer, and many p layers are 
formed on the surface of the n" layer. n + layers are formed inside the p layers. Also, a gate oxide 
film is formed on the surface over the n + layers, p layers, and n' layer, and MOS gate is formed 
on the gate oxide film to form the MOS gate. The gate electrode is covered by an insulating film 
to be insulated from the emitter electrode that covers the surface. The emitter electrode has 
ohmic contact with the p layers and the n + layers. On the opposite side (back side), a back 
electrode has ohmic contact with the p + layer and acts as the collector electrode. 

[0003] 

For the element with the aforementioned structure, in the conventional technology, a pad 
is formed in the area where the MOS gate is absent, followed by wire bonding. However, in 
order to increase the conductive area, wire bonding is usually performed on the emitter electrode 
directly. 
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[0004] 

Problems to be solved by the invention 

Aluminum silicon alloy has been used as the material for emitter electrode. The reason is 
that the pn junction will be destroyed by diffusion of silicon into aluminum if pure aluminum is 
used. Since large current flows in power MOSFET or IGBT, wires with a diameter of several 
hundred (im are used. In order to alleviate the impact when bonding these wires, aluminum 
silicon alloy thicker (3 jam or more) than that used for LSI is deposited. Therefore, silicon 
residues where the silicon in the aluminum silicon alloy can concentrate tend to grow during the 
deposition. Since the silicon residues are deposited and become larger, the area near the surface 
becomes smaller and thicker. As a result, the area near the surface becomes a sharp shape. If 
wires hit on these silicon residues, the force will be concentrated at the tips of the silicon residues 
to introduce cracks into the insulating film. As a result, the insulation between the emitter 
electrode and the gate electrode will be destroyed. The purpose of the present invention is to 
provide a semiconductor device that can improve the yield during wire bonding while 
maintaining the main breakdown voltage yield on the same level as that in the conventional 
technology. 

[0005] 

Means to solve the problems 

In order to solve this problem, the present invention provides a semiconductor device 
having a MOS gate and an emitter electrode formed on it and also having wires bonded to the 
emitter electrode. In this semiconductor device, the emitter electrode is made of pure aluminum, 
and a barrier layer is formed between the emitter electrode and the MOS gate. 

[0006] 

The silicon residues can be prevented by using pure aluminum. In this way, the cracks 
occurring during wire bonding can be prevented, and the yield during the wire bonding can be 
improved. In addition, since the damage to the pn junction caused by diffusion of silicon into the 
aluminum can be prevented by the barrier layer, the main breakdown voltage yield can be 
maintained on the same level as that in the conventional technology. 

[0007] 

Embodiment of the invention 

In the following, application examples will be explained in detail with reference to 
figures. Figure 2 shows the first application example of the present invention. Multiple p layers 
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(2) are formed on the surface of n" layer (1). n + layers (3) are formed inside p layers (2). Also, 
gate oxide film (10) is formed on the surface over n + layers (3), p layers (2), and n" layer (1), and 
gate electrode (1 1) is formed on the gate oxide film to form the MOS gate. Gate electrode (1 1) is 
covered by insulating film (12) to be insulated from emitter electrode (20) that covers the 
surface. Emitter electrode (20) has ohmic contact with p layers (2) and n + layers (3). Wires (30) 
are bonded to emitter electrode (20). Also, a barrier layer (21) is formed between emitter 
electrode (20) and insulating film (12). Emitter electrode (20) is made of pure aluminum. 

[0008] 

Silicon residues can be prevented by using pure aluminum. In this way, the cracks 
occurring during wire bonding can be prevented, and the yield during the wire bonding can be 
improved. In addition, since the damage to the pn junction caused by diffusion of silicon into the 
aluminum can be prevented by the barrier layer, the main breakdown voltage yield can be 
maintained on the same level as that in the conventional technology. 

[0009] 

It is preferred to use molybdenum silicide as the material of barrier layer (20) because it 
has small contact resistance with silicon, can stand high-temperature heat treatment, and is 
conformable with the conventional silicon process. However, if the barrier layer is too thin, 
silicon will diffuse to lower the main breakdown voltage yield. Figure 3 shows the relationship 
between the thickness of the molybdenum silicide and the main breakdown voltage yield. The 
main breakdown defect rate becomes 0 when the thickness of the molybdenum silicide 600 A or 
larger. Consequently, the barrier layer must be 600 A or thicker when molybdenum silicide is 
used. 

[0010] 

Figure 4 shows an example when the semiconductor device of the present invention is 
assembled into a module. Collector wiring (51), emitter wiring (52), and gate wiring (53) are 
arranged on insulating substrate (50). Chip (60) is arranged on collector wiring (51) and is 
connected to the collector through collector wiring (51) and a back electrode that is not shown in 
the figure. Gate pad (40) is arranged on the surface of chip (60). Also, in the conductive area, the 
protective film is partially removed to arrange emitter pads (41). Gate pad (40) and gate wiring 
(53) are connected by gate wire (3 1). Emitter pad (41) and emitter wiring (52) are connected by 
emitter wire (32). In the conventional technology, if the wires are bonded with a large force, 
cracks caused by silicon residues usually occur. Therefore, the wires are bonded with a small 
force. In the semiconductor device of the present invention, since there is no silicon residue, 
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bonding can be performed with a force larger than that in the conventional technology. 
Therefore, when current is applied repeatedly to the wires, the service life until the wires fall off 
can be extended. 

[0011] 

Figure 5 shows an example of a motor driving inverter circuit constituted using the 
semiconductor device of the present invention. The symbol in the figure only shows one 
semiconductor device. However, multiple semiconductor devices are connected in parallel for 
flow of high current. Two semiconductor devices are connected in series to form one phase. The 
output goes out from the middle point of the connection between the semiconductor devices and 
is connected to motor (206). The collectors of semiconductor devices (200a), (200b), (200c), 
(200d) on the upper arm side are shared and connected to the high-potential side of a rectifier 
circuit. Also, the emitters of semiconductor devices (200d), (200e), (200f) on the lower arm side 
are shared and connected to the earth side of the rectifier circuit. Rectifier circuit (203) converts 
alternating current (202) into direct current. Semiconductor device (200) receives the direct 
current and converts it to the alternating current again to drive the motor. The upper and lower 
driving circuits (204) and (205) transfer driving signals to the gate of the semiconductor device 
to turn on/off the semiconductor device at a prescribed period. In a module where the 
semiconductor device of the present invention is incorporated, when current flows repeatedly in 
the wires, the time before the wires fall off becomes longer. Therefore, the reliability of the wires 
can be improved. 

[0012] 

Effect of the invention 

Silicon residues can be prevented by using pure aluminum. In this way, the cracks 
occurring during wire bonding can be prevented, and the yield during the wire bonding can be 
improved. In addition, since the damage to the pn junction caused by diffusion of silicon into the 
aluminum can be prevented by the barrier layer, the main breakdown voltage yield can be 
maintained on the same level as that in the conventional technology. 

Brief description of the figures 
Figure 1 

Figure 1 shows a conventional example. 
Figure 2 

Figure 2 shows an application example of the present invention. 
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Figure 3 

Figure 3 shows the relationship between the molybdenum thickness and the main 
breakdown voltage defect. 

Figure 4 

Figure 4 shows a module using the semiconductor device of the present invention. 
Figure 5 

Figure 5 shows an inverter circuit using the IGBT of the present invention. 
Explanation of symbols 
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